Within the framework of the modified potential cluster model with a classification of orbital states according to Young diagrams, the possibility of prediction absentee experimental data for the total cross sections of the radiative neutron capture on 11 B to the first excited state 12 B at 0.95 MeV (2 + ) for reaction energy of 10 meV (1 meV = 10 -3 eV) to 7 MeV. The reaction rate in the temperature range of 0.01 to 10.0 T 9 is calculated on the basis of obtained cross sections, which take into account resonances up to 5 MeV. It is shown that low-lying resonances exercise a significant influence to the capture reaction rate. The approximation of the calculation reaction rate is carried out by the simple analytic formula.
Introduction
Earlier, the neutron capture process on 11 B to the ground states (GS) of 12 B was considered by us within the framework of the modified potential cluster model (MPCM) in [1] . It is possible, on the basis of the MPCM, to correctly describe available experimental data for capture to the GS at energies of 25.3 meV to 60 keV. Continuing studying of the radiative capture process in the framework of the MPCM [2, 3] , let us consider n 11 B   12 B capture reaction to the first excited state (FES) of 12 B at J  = 2 + with excitation energy of 0.95 MeV and carry out the account of resonance states (RS) in the continuous spectrum up to 5 MeV. In the present paper, evidently, the capture to the FES of 12 B taken into account resonances in the scattering process of initial particles in the input channel is considered first. Our calculations, intrinsically, are predictive and estimative for argumentation and organization of new experiments for the neutron capture on 11 B. Such results can also initiate essential overestimation of the rate of synthesis boron isotopes. It allows one to estimate how the balance of elements can change at synthesis of these nuclei in future.
In the present calculations we will use new data on spectra of 12 B from work [4] , comparably with our previous papers [5] , where results of earlier review [6] were used. Besides, in works [5] old data on asymptotic constants (AC) of the n 11 B system were used, which did not allow to describe available experimental data. The considered here reaction n 11 B   12 B was studied earlier in [7] , where for the construction of the n 11 B interactions potentials the thermal neutron capture cross section th  equals 5.5 mb was used [8] . At the same time, more modern data from [9] were used in our work [1] , where the value th  = 9.09(10) mb is given.
Calculation methods and state structure
Total cross sections for the radiative capture (NJ,J f ) for EJ and МJ transitions in the potential cluster model are given, for example, in [10] or [1] [2] [3] . The values from data base [11] and work [12] were used for cluster magnetic moments, that is,  n = -1.91304272 0 and ( 11 B) = 2.6887 0 . The next mass values of particles were used in calculations: m n = 1.00866491597 amu [11] , m( 11 B) = 11.0093052 amu [13] , and constant ħ 2 /m 0 is equal to 41.4686 MeVfm 2 , where m 0 is atomic mass unit (amu). Calculation methods in the frame of the MPCM of other values, for example, root-mean-square mass and charge radii or binding energy, which are considered further, are given, for example, in [14] . The used intercluster potentials for the considered 35 cluster nuclear systems do not contain ambiguities and, as it was shown in [2, 3] and [15] (see also refs. in it), allow us to correctly describe the total cross sections of many processes of radiative capture. The potentials of the bound states (BS), namely FES, should correctly describe the known values of the AC, which is associated with the asymptotic normalization coefficient (ANC) of the A NC usually extracted from the experiment as follows [16] 
where S f is the spectroscopic factor of the channel and C is the dimensional AС, expressed in fm -1/2 and determined from the relation
C is related to the dimensionless AC C w [17] , used by us, as follows: w 0 2 C k C  , and the dimensionless constant C w can be defined by the expression [17]  
where  L (r) is the numerical wave function of the bound state obtained from the solution of the radial Schrödinger equation and normalized to unit, W -L+1/2 is the Whittaker function of the bound state, which determines the asymptotic behavior of the wave function (WF) and is a solution of the same equation without nuclear potential, that is, at large distances r = R, k 0 is the wave number caused by the channel binding energy,  is the Coulomb parameter, which is equal to zero in this case, and L is the orbital momentum of this BS. Let us assume furthermore that for 11 B (spin and isospin of 11 B are equal to J  ,Т = 3/2 -,1/2 [4] ) it is possible to take Young diagram in the form {443}, therefore for the n 11 B system we have {1}  {443}  {543} + {444} + {4431} [18] . First of the obtained diagrams compatible with orbital momenta L = 1,2,3,4 and is forbidden (FS), because it cannot be five nucleons in the s-shell [19] , the second diagram {444} apparently corresponds to the allowed state (AS) compatible with orbital momenta L = 0,2,4, and the third {4431}, also allowed, compatible with L = 1,2,3 [1, 19] .
Thus, limiting only by the low partial waves with orbital momenta L = 0,1,2,3, it is possible to say that there is only AS for diagram {444} in the S wave potential of the n 11 B system. There are forbidden {543} and allowed {4431} states in P waves. In particular, the GS of 12 B with momentum J  = 1 + corresponds to the P 1 wave with {4431}, lying at binding energy of the n 11 B system of -3.370 MeV [4] . FS with the diagram {543} and AS at {4431}+{444} correspond to the D waves. FS with {543} and AS with {4431} correspond to the F waves. These AS for scattering potentials can lie in the continuous spectrum and be unbounded. The AS can correspond to the FES of 12 B with momenta J  = 2 + , lying at the binding energy of the n 11 B system of -2.4169 MeV [4] .
Besides, some n 11 B scattering states and BSs can be mixed by spin channel with S = 1 and 2. Therefore, both of spin states 3 P 2 and 5 P 2 can give a contribution in the WF of the FES, and the FES should be considered as the 3+5 P 2 mixture. The same is related to the GS of 12 B in the n 11 B channel, which is the 3+5 P 1 mixture [1] . The present model does not allow to extract in the WF states with S = 1 and 2, therefore the GS function is the 3+5 P 1 level and the FES is the 3+5 P 2 level and are obtained from the solution of the Schrödinger equations with the given potential. The similar situation was, for example, at the 15 N(n,γ) 16 N and 7 Li(n,γ) 8 Li captures, when the GS WF was presented as the mixture of 3+5 P 2 waves [2,3].
Possible transitions in the n 11 B system to the FES of 12 B
Because, here the FES of 12 B is compared to the 3+5 P 2 level, and it is possible to consider E1 transitions from nonresonance, as we think, at low energies of the 3 S 1 and 5 S 2 waves of the n 11 B scattering to different components of WF of the FES of 12 B in the n 11 B channel 3 
Cross sections of such process can be written as a sum
, therefore transitions occur from different partial scattering wave to the same FES of 12 B, which is compared to the mixed by spin WF 3+5 P 2 .
Let us consider now available excited states in 12 B nucleus, but bound in the n 11 B channel.
1. There is first excited state (1 st ES), but not bound in this channel, with momentum of J  = 2 + , which can be matched to the 3+5 P 2 wave with the bound FS, at the excitation energy of 0.95314(60) MeV or -2.41686(60) MeV [4] relatively to the threshold of the n 11 B channel.
2. Second excited state (2 nd ES) at excitation energy of 1.67365(60) MeV [6] relatively to the GS or -1.69635(60) MeV relatively to the threshold of the n 11 B channel has J  = 2 -, and it can be matched to the 5 S 2 wave without FS. In this case, also 3+5 D 2 wave with the FS is possible.
3. Third excited state (3 rd ES) at excitation energy of 2.6208(12) MeV [4] or -0.7492 (12) MeV relatively to the threshold of the n 11 B channel has J  = 1 -, and it can be matched to the triplet 3 S 1 wave without forbidden BS. In this case, also 3+5 D 1 wave with the FS is possible.
4. Fourth excited state (4 th ES) at excitation energy of 2.723(11) MeV [4] or -0.647(11) MeV [4] relatively to the threshold of the n 11 B channel has J  = 0 + , and it can be matched to the triplet 3 P 0 wave with the bound FS.
The spectrum of ES considered above is shown in Fig. 1a [4] .
Furthermore, the potentials of these ESs were constructed, which are using for description of the scattering processes in these partial waves that do not include resonances [1] . However, in the 3+5 P 2 scattering wave there is the resonance, and it is not possible to construct 3+5 P 2 potential, which has both resonance and first bound ES using by us Gaussian parametrization of potentials. Therefore, different potentials for discrete and continuous spectra will use at the capture consideration to the first ES. Because, it is known in the MPCM [2, 3] that all potentials depend on Young diagrams, so it turns out frequently that potentials of scattering and BS in one partial wave depend on different Young diagrams, since they can be different. Such potential dependence, apparently, was considered in work [20] for the first time. Given above classification according to Young diagrams has only qualitative character, since we have no product tables of Young diagrams, as it was for more light nuclei with А  8 [18] . Therefore, in more accurate classification, it is possible that similar situation exists in this system too. Earlier, the same situation took place only in one case -the neutron capture on 16 O [3, 21] . Although, other causes that lead to the difference of scattering and BS potentials in this partial wave certainly possible.
Besides excited states there are few resonance states (RS), that is, states at positive energies relatively to the threshold of the n 11 B channel (some states are marked by italic, which exist in spectra, but not considered by different causes).
1. First resonance state (1 st RS) of 12 B in the n 11 B channel is at the excitation energy of 3.3891(16) MeV or at neutron energy E n = 20.8(5) keV, it has the width of 1.4 keV in a center of mass (c.m.) and momentum of J  = 3 -(see Table 12 .10 in [4] ) -it can be matched to the 3+5 D 3 scattering wave with forbidden bound state. We will consider this resonance, because the Е1 transition the FES 3+5 P 2 of the form 3+5 D 3 → 3+5 P 2 is possible for it.
2. Second resonance state (2 nd RS) lies at an energy of E n = 430(10) keV, its width in c.m. equals 37(5) keV and momentum of J  = 2 + [4] . Therefore, it can be matched to the 3+5 P 2 scattering wave with forbidden bound state and the M1 transition to the FES 3+5 P 2 is possible for it.
3. Third resonance state (3 rd RS) lies at an energy of E n = 1027(11) keV, its width in c.m. equals 9(4) keV and momentum of J  = 1 -[4] -it can be matched to the 3 S 1 without FS or 3+5 D 1 scattering wave with forbidden bound state and the E1 transition to the FES 3+5 P 2 is possible for it.
4. Fourth resonance state (4 th RS) lies at an energy of E n = 1.19 MeV, with unknown, but very large width and momentum of J  = 2 -(see Table 12 .10 [4] ) -it can be matched to the 5 S 2 or 3+5 D 2 scattering wave and the E1 transition to the FES 3+5 P 2 is possible for it. However, we will not consider such transitions due to unknown width.
5. Fifth resonance (5 th RS) has an energy of E n = 1.280 (20) , with the width of 130 (20) keV in c.m. and momentum of 4 - [4] . We will not consider this transition because Е1 or М1 transitions to the FES 3+5 P 2 are impossible. 6 . Sixth resonance state (6 th RS) is at energy of E n = 1.780 (20) MeV, with the width of 60 (20) keV in c.m. and momentum of J  = 1 + can be matched to the 3+5 P 1 Fig. 1a . Spectrum of excited states of 12 B [4] .
scattering wave with the bound FS (see Table 12 .10 [4] ) and the M1 transition to the FES 3+5 P 2 is possible for it. However, this state is possible to describe only in the 5 F 1 wave with FS [1] , therefore only E2 transition to the FES is possible and we will not consider it. 7 . Seventh resonance state (7 th RS) is at energy of E n = 2.450 (20) MeV, with the width of 110(40) keV in c.m. and momentum of J  = 3 + can be matched to the 5 P 3 or 3+5 F 3 scattering wave (see Table 12 .10 [4] ). This state is possible to describe only for the 3+5 F 3 wave [1] , and here only E2 transition is possible and we will not consider it.
8. Eighth resonance state (8 th RS) is at energy of E n = 2.580(20) MeV, with the width of 55 (20) keV in c.m. and momentum of J  = 3can be matched to the 3+5 D 3 scattering wave (see Table 12 .10 [4] ) and we will consider it because the E1 transition to the FES 3+5 P 2 is possible here.
9. Ninth resonance state (9 th RS) lies at an energy of E n = 2.9 MeV, with unknown width and momentum of J  = 1can be matched to the 3 S 1 scattering wave without FS (see Table 12 .10 [4] ) and leads to the E1 transition to the FES 3+5 P 2 . However, we will not consider such transitions due to unknown width. 10 . Tenth resonance state (10 th RS) is at energy of E n = 3.5 MeV, with the width of 140 keV in c.m. and momentum of J  = 1 + can be matched to the 3+5 P 1 scattering wave with the bound FS (see Table 12 .10 [4] ) and it can lead to the M1 transition to the FES 3+5 P 2 . However, in this case only the resonance for the 5 F 1 wave [1] can be described, and here only E2 transition is possible and we will not consider it.
11. Furthermore, the 11 th RS will be the next at energy of E n = 4.03 MeV, with the unknown width and momentum of J  = 1 + . It can be matched to the 3 S 1 wave without FS and the E1 transitions to the FES 3+5 P 2 are possible for it. But we will not consider it due to the unknown width.
12. The next resonance 12 th RS is at energy of E n = 4.55 MeV, with the width lower than 14 keV in c.m. and unknown momentum, therefore we will not consider it.
13. Furthermore, there is the resonance state (13 th RS) with neutron energy of 4.70 MeV, with the width of 45 keV in c.m. and momentum of J  = 2 -. It can be matched to the 5 S 2 wave without FS and the E1 transitions to the FES 3+5 P 2 are possible for it. In this case the 3+5 D 2 wave with FS is possible, which also allows E1 transition to the FES 3+5 P 2 .
14. The resonance state (14 th RS) at the energy of 4.80 MeV, with the width of 90 keV in c.m. has momentum of J  = 1 -. It can be matched to the 3 S 1 wave without FS and the E1 transitions to the FES 3+5 P 2 are possible for it. In this case the 3+5 D 1 wave with FS is possible, which also allows E1 transition to the FES 3+5 P 2 .
15. Higher states are studied till not so closely [4] , and we will not consider them. Consequently, it is possible to consider influence of six resonances at energies up to E n = 5 MeV -these are resonances Nos. 1,2,3,8,13,14. Rests of resonances have either unknown width or momentum, therefore it is impossible to construct unambiguous potentials, as it was done for other resonances [1] . Besides, resonances No. 6, No. 7 and No. 10, as it was said before, are possible to be described only in assumption of the F waves [1] , which allow only E2 transitions to the FES and will not be considered.
Spectrum of the described resonance states is listed in Fig. 1b [4] . As it was shown above, resonance states 3 and 14 can coincide by their moments with the third ES and 13 with the second ES. But it impossible to construct S potentials, which have bound AS, coinciding with one of the ES and having the resonance at the observed excitation energy. Therefore, we will construct these resonance potentials so that they correspond to the D waves with FS and have the resonance at the necessary energy with necessary width, and potentials of the bound excited states correspond to S waves. Furthermore, as a result of these ES and RS, the transition listed in Table 1 will be considered. Table 1 . The list of possible transitions from the { (2S+1) L J } i state to the different WF components { (2S+1) L J } f FES 3+5 P 2 of 12 B at the neutron capture on 11 B and Gaussian parameters for initial scattering states [1] . The P 2 value determines coefficient in capture cross sections [1] . The number of resonance from the list given above, its energy and width with the given potentials is given for the initial state.
The experimental values of energies and width of these resonances [4] are given in square brackets. The alternative parameter values and resonance characteristics with them are given in curly brackets. 
The averaging of cross section for the transition from mixed D 1 , D 2 and D 3 scattering states to the mixed FES. On the basis of the observed values (it is energy of state and its width [2, 3] for resonances) it is possible to construct potential of the 3+5 D waves, also, as the 3+5 P 2 potential for the FES. Therefore, for example, transitions No. 3 from 3 D 1 and 5 D 1 states differ only by spin coefficients in the expression for the cross section (2), given in work [1] , and matrix elements are calculated between the same WF, mixed by the channel spin -more closely this problem is given in [2, 3] or [22] .
The cross section for the M1 transition No. 8 and No. 9 from Table 1 are also written in the form of averaging 
because in the initial channel the mixed 3+5 P waves are used.
n 11 B interaction potentials
For all partial potentials, that is, interactions for each orbital momentum L at the given J and S, the Gaussian form was used V( 2S+1 L J ,r) = -V 0 ( 2S+1 L J )exp{-( 2S+1 L J )r 2 }, where depth V 0 and width  of the potential depend on momenta 2S+1 L J of each partial wave. In some cases this potential can directly depend from Young diagrams {f} and be different in discrete and continuous spectrum, if in such states these diagrams different [19, 20] . Furthermore, for constructing FES potential 3+5 P 2 let us determine its AC. For ANC of the form (1) in [23] were obtained value of 0.62(3) fm -1/2 and FES spectroscopic factor S f = 0.36 is given. Consequently, the range of dimensioned AC is equal to 0.98-1.08 fm -1/2 that for dimensionless AC C w of the form (3) at 0 2k = 0.81 gives an interval of 1.21-1.33 at the average value of 1.27 (6) . Earlier results from the previous works, specifically, S f = 0.55 and A NC = 1.34(12) from which we obtain C w = 2.23 (20) , are given in work [23] . As seen, there is a large dispersion of different results, but we will use new data.
Let us construct FES potential with FS for the first AC 
This potential gives negative AC of -1.24(1), because contains FS stable at the range of 5-17 fm, charge radius of 2.43 fm and mass radius of 2.54 fm at binding energy of -2.416900 MeV with an accuracy of 10 -6 MeV [2, 3] , which is absolutely coincides with the experimental value [4] . Here and further, the AC error is determined by its averaging over the specified distance interval, and the scattering phase shift of such potential is shown at the bottom of Fig. 2a by the dashed curve.
The values S f = 0.33 and A NC = 1.28(6) fm -1/2 are given in [23] for the second ES 5 S 2 , then we have C w = 3.0(1) at 0 2k = 0.742. In such case, it is possible to obtain values No. 2 in Table 1 for parameters of this potential. It leads to the binding energy of -1.6964 MeV, gives AC equals 3.1(1), mass radius of 2.78 fm and charge radius of 2.45 fm, its phase shift is shown in Fig. 2a by the solid curve. The values S f = 0.63 and A NC = 1.05(5) fm -1/2 are given for the third excited 3 S 1 state in [23] , then we have C w = 2.2(1) at 0 2k = 0.605. If to consider further that for the AS for diagram {444} in the 3 S 1 wave can be bound and corresponds to the third excited state of 12 B at energy -0.7492 MeV relatively to channel threshold, then it is possible to obtain values given as No. 1 in Table 1 for parameters of the 3 S 1 potential without FS. The binding energy of -0.7492 MeV at ε = 10 -4 , absolutely matching with experimental value [4] , the charge radius of 2.47 fm, the mass radius of 2.94 fm and dimensionless AC equals 1.9(1) at the range 10-30 fm were obtained with this potential. Shape of the 3 S 1 scattering phase shift with this potential is shown in the Fig. 2a by the dotted curve. These two S potentials of the ES were used not only for the description of the ESs themselves, but also for description of the n 11 B scattering in these partial waves.
We will use the potential of the GS of 12 B in the n 11 B channel [1] for nonresonance 3+5 P 1 scattering wave. Let us note for the construction of the potential that in works [24] [25] [26] the values of 1.13 to 1.35 fm -1 were obtained for the ANC of form (1) , and in works [4, 7, 27] the GS spectroscopic factor of 0.69 to 1.30 was given. Consequently, for the range of dimensioned AC we will obtain 0.87-1.96 fm -1 or 0.93-1.40 fm -1/2 , which for dimensionless AC C w of form (3) at 0 2k = 0.880 gives an interval of 1.06-1.59 at the average value of 1.32 (27) . More modern data are given in [23] , that is S f = 0.69 and A NC = 1.15(6) fm -1/2 . Therefore, for the interval of dimensioned AC we will obtain 1.31-1.38 fm -1/2 , which for dimensionless AC C w of form (3) gives an interval of 1.49-1.57 at the average value of 1.53 (4) .
Let us construct the GS potential with FS, which corresponds to the AC from this diapason -its parameters are listed under No. 8 in Table 1 . This potential gives negative AC of -1.64(1), because it contains FS, stable in the interval of 5-17 fm, the charge radius of 2.43 fm and the mass radius of 2.53 fm at the binding energy of -3.37000 MeV with an accuracy of 10 -5 MeV [2, 3] , which is completely coincides with experimental value [4] . Scattering phase shift of this potential is shown in Fig. 2a by the dotted-dashed curve. For comparison of radii it is possible to use the matter radius of 2.41(3) fm, obtained in [28] .
It should be noted that in [23] the negative sign of AC is given for both S wavesthe value of -1.05(5) fm -1/2 for the 3 rd ES and -1.28(6) fm -1/2 for the 2 nd ES. The negative sign of the AC means the presence of node in the WF of relative motion of clusters and the form of these WFs is given in [23] . But, according our classification, there are no bound forbidden states in S waves. According the given above state classification by Young diagrams only P waves have the bound FS. Therefore, for the GS and FES with potential No. 8 and (4) AC has negative sign [1] , and for potentials No. 1 and No. 2positive.
Parameters No. 9 in Table 1 with one bound FS were obtained for potential of the resonance 3+5 P 2 wave. This potential leads to the resonance energy of E n = 430(1) keV with the width of 37(1) keV (c.m.), which absolutely coincide with experimental data [4] . The scattering phase shift is equal to 90(1) for resonance energy. The expression Г = 2(d/dE) -1 is used for calculation the level width according to the scattering phase shift . The shape of the mixed 3+5 Р 2 scattering phase shift is shown in Fig. 2a by the frequent dashed curve. Note that accurate values of particle masses and given above value of the constant ħ 2 /m 0 were used for calculation of the scattering phase shifts. These values influence very much to location of the considered resonance or BS binding energy of 12 B in the n 11 B channel.
Besides, let us note [1] that if the potential contains N + M forbidden and allowed states, it is subject to generalized Levinson theorem and its phase shift at zero energy starts from •(N + M) [19] . However, in Fig. 2a the P 1 phase shift having bound FS and bound AS starting from 180°, but not from 360°, and the P 2 phase shift starts from 0°, but not from 180° for more traditional representation of results and location of all phase shifts at one figure.
The potentials with FS Nos. 5 and 4 were obtained for 3+5 D 2 , 3+5 D 1 resonances at 4.7 and 4.8 MeV correspondingly. The first of them gives width of 49(1) keV, and the second 86(1) keV, which in a good agreement with data [4] , and energies accurately coincides with the given above. Phase shifts of these potentials are shown in Fig. 2b by the dashed and solid curves and in resonance equal 90(1).
The resonance at 1.027 MeV also can be reproduced only under assumption of the 3+5 D 1 wave and parameters with FS No. 3, which lead to the width of 9(1) keV at the accurately coincident energy and scattering phase shifts shown in Fig. 2b by the dotted curve, which is equal to 90(1) at resonance.
The resonance at 2.58 MeV in the 3+5 D 3 wave leads to the potential shown in Table 1 as No. 6 at the accurately coincident energy and width 55(1) keV. Phase shift of such potential is shown in Fig. 2b by the dashed-dotted curve.
The potential parameters are listed in Table 1 as No. 7 for the first resonance in the 3+5 D 3 wave at 20.8 keV. They lead to the accurate resonance energy and to the width of 0.5(1) keV in c.m. Let us note that accurate width of this resonance is unknown [4] . Other parameters are given as an alternative option in curly brackets under No. 7, which lead to the accurate resonance energy and to the width of 1.3(1) keV.
As was said earlier, the resonances of positive parity Nos. 6, 7, 10 from the list of resonances at energies 1.78, 2.45 and 3.5 MeV is possible to reproduce only in assumption of the F waves [1] . But in this case, only E2 transitions to the FES are possible.
Total cross section of the neutron capture on 11 B and reaction rate
Calculation results of total cross sections for all transitions from Table 1 with given their potentials of the initial channel, using for the FES potential (4), are shown in Fig. 3a by the black solid curve. Cross sections are calculated at neutron energy of 10 meV to 7 MeV, but as it was said before, the resonances higher 5 MeV were not considered. The green dotted-dashed curve in Fig. 3 Fig. 3 , No. 6 with resonance at 2.58 MeV and No. 7 with resonance at 20.8 keV -the value of the last achieves almost 21mb. The energy range 1 keV -7 MeV is shown in detail in Fig. 3b and additional experimental data from works [30, 31] are given. Furthermore, the same results for summed cross sections are shown for comparison in Fig. 3c by the black solid curve. Red solid curve in Fig. 3c shows results for the FES (4) and the second option of potential No. 7 from Table 1 with the width of 1.3 keV and cross section maximum of 15 mb at 20.8 keV. The cross section in the maximum decreases by factor of 2, but at other energies notably increases that leads to rise of the reaction rate. Blue solid curve in Fig. 3c shows results for FES (4) and resonance potential No. 7, but with parameters V 0 = 32.2375215 MeV and  = 0.025 fm -2 , which leads to the same resonance energy and has the width of 0.2 keV. In the maximum the cross sections are equal almost to 8 mb, and the cross sections themselves have smaller value at all energies. It is seen from here that the first potential No. 7 leads to the highest cross section value at the resonance energy of 20.8 keV and quite satisfies to the experimental requirement for  < 1.4 keV. Experimental data: black triangles (▲) -data from work [8] at thermal energy, black square (■) -data from [9] at thermal energy, points () -total capture cross sections to the GS from [29] , rhombs (♦) -total capture cross sections to the second ES from [29] , open triangles ()total capture cross sections from [31] . Curvescalculation results for different transitions from Table 1 with the given their potentials of the initial channel. The dependence of total cross sections for the first potential of the resonance state No. 7 from different FES potentials is shown in Fig. 3d . Black curve coincides with results at other Fig. 3 for the FES potential (4) . Green curve shows results for the FES potential with parameters V 0 = 253.829983 MeV and  = 0.3 fm -2 , which leads to the AC of 1.11, the mass radius of 2.52 fm, the charge radius of 2.42 fm and to the binding energy -2.4169 MeV. Violet curve shows results for the FES potential with parameters V 0 = 173.68781 MeV and  = 0.2 fm -2 , which leads to the AC of 1.41, the mass radius of 2.57 fm, the charge radius of 2.43 fm and to the binding energy -2.4169 MeV. It is seen from this figure that results for the FES potential with AC = 1.11 practically coincide with results for potential (4) which AC is equal to 1.24.
As seen from Fig. 3a the calculated cross section practically is a straight line at energies of 10 meV to 10 keV and it can be approximated by a simple function of the next form ) (
The value of constant A = 16.124 μbkeV 1/2 is determined according to one point in calculated cross sections (black solid curve in Fig. 3a ) at minimal energy equals 10 meV. The cross section value at thermal energy 25.3 meV is equal to 3.2 mb. The module ap theor theor
of relative deviation of the calculated theoretical cross section ( theor ) and approximation ( ap ) of this cross section by the given above function in the range 10 keV does not exceed 0.1%. Earlier in our work [1] the cross sections in the range of 7.3 to 8.4 mb were obtained cross sections for the capture to the GS at thermal energy for different types of potentials. Therefore, for the thermal cross section taken into account the capture to the GS and the FES it is possible to obtain values of 10.5-11.6 mb at new experimental value 9.09(10) mb [9] . Furthermore, the reaction rate of the neutron capture on 11 B was calculated, which in terms of cm 3 mol -1 s -1 can be represented in form [10] , ) / 
where E is in MeV, total cross section (Е) is measured in μb,  is the reduced mass in amu, and T 9 is the temperature in 10 9 K [10] . The calculated total cross section is used for determination such integral for 7000 points in the energy range of 10 -5 to 710 3 keV.
Results for reaction rate are shown in Fig. 4 by the black solid curve. This curve corresponds to the same curve in Fig. 3 for the FES potential (4) and for the first option of potential No. 7 from Table 1 . Red dotted curve shows rate of this reaction without accounting the first resonance. As seen from Fig. 4 the resonance accounting at energy up to 5 MeV, especially the first resonance at 20.8 keV, greatly influence to the total cross sections in this range and highly work on the shape of reaction rate.
For comparison the blue dotted-dotted-dashed curve shows the results from work [7] . The obtained by us reaction rate of the neutron capture on 11 B to the GS of 12 B [1] is shown by the green dashed curve. Parametrization results for this reaction rate are given in our previous work [1] . Red solid curve shows the results for the second option of potential No. 7, shown in Table 1 by curly brackets -they correspond to the same curve in Fig. 3c . Blue solid curve shows the results for potential No. 7 at the width of 0.2 keVthey correspond to the same curve in Fig. 3c . Furthermore, the parametrization of the reaction rate was carried out by the red dotted curve in Fig. 4 using expression of the form [32] 
Conclusion
The used FES potential of 12 B in the n 11 B channel previously coordinated with its characteristics, including asymptotic constant and binding energy. The interactions of the second and third excitation states of 12 B that bound in the n 11 B channel were used for S scattering potentials. Accounting of resonances above the first and up to 5 MeV increases total cross sections in this energy region and reaction rate at temperatures 0.5-0.7 T 9 becomes rise and increasing approximately by factor of 10. Accounting of the first resonance absolutely changes the value of reaction rate, involving it to the resonance shape.
Obtained calculated cross sections and structure of resonances in cross sections can be considered as a prediction of results for total cross sections and as a stimulus for new experimental studies of this reaction. They can essentially influence to the calculation results for efficiency of 12 B in the primordial nucleosynthesis at high temperatures.
In the following our papers, as an addition to the present work [1] , the radiative capture is considered to other three ESs of 12 B, which lie lower the threshold of the n 11 B channel and are given above in the list of the ESs.
